
occurs when this mater ia l  is cooled from 1200°C to room temperature

before testing is more l ike ly re lated to m crostructural changes than to

the oxide-flaw interactions that produced the p it s i n  Fi gure 15.

Effects of Oxida t ion on Flaws

It is apparent from the results that the ox i da ti on wh i ch occur s

during exposure at 1200°C has a s ig ni f i ca nt effec t on the s tren gth

dis tribution . The flaw populati on which controls the strength can be

changed in the manner shown in Figure 16. Two type-s of flaw are considered

i n Figure i6a , a crack a t the sur face and an in terna l f l aw which  ca n be

an inclusion , a large pore or a crack. When oxidation occurs the crack

interfaces oxidize at least as fast as the ground surface and the crack

can be blunted . The oxide interface grows into the silicon nitride

matr ix, removes sur face imperfect ions ,and reduces the s ize of cracks .

Interna l inclusion-s can oxidize and change their volume and composition . ) i
The mounds in the oxide and p i ts in  the ma t r i x , sho~,n in Fi gures 14 and 15 11

respec t ively , are equivalent to “~50 grain diameters. The accelerated

ox idation in areas this size could be related to a concentration of

impurities in a mass of incompletely sintered grains or to the rapid

ox idation of large tungsten-based inclusions. Such reactions produce an ox ide

f i l led  pit in the matrix. Until the micro-structure is examined more

closely, the mode of pIt formation cannot be described completely.

These oxidation or corrosion p i ts  act as strength limiting flaws in

spec imens exposed for long times . It Is therefore essential to determine

why they form and how to control their formation .

-- 
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The effects of exposure at 1200 °C on the strengt h d is t r ibut ions of

the fou r batc hes of s i l i con  n i t r ide  are sumarized in Figure 17 and 18. In

these f igures , it can be seen that the 25°C and the 1200 °C strengths of

react ion bonded mater ia l  and b i l l et  B of NC- l32 are increased by exposure

at 12 00° C whe reas the strengths of the Y203 doped-material (NCX—34)and

bi l let A of NC- 132 are decreased . These differences are -statisticall y

signi f icant  and are related to the interaction between the oxide formation

and the mater ia l .  The microst ructura l di f ferences between the 3 hot-

pressed mater ials are related to the composition . The speci f ic  inter-

actions cou ld not be pursued during the present program but should be

invest igated in order to identif y the spec i f i c  cause of the degradation

and to gu ide further development of materials.

Suggest ions for Future Programs

The effects of exposure on the strength of s i l icon nitride are

related to compositional variations in the mater ia ls .  In the present

program the exposure was l imited to 1200 °C in air for a maximum of 100

hours . The effects of longer exposure and different temperatures on

s t rength  must be documented . I t w i l l  be necessary a l so  to tes t these

mater ials in the serv ice atmosphere. The proof-test procedures for life-

t ime predictions must be modi f ied to account for the change in f law

popu lation w i t h  exposure. An eva luation of the strength distribution

under stat ic load w f l l  be necessary. in order to investigate the effect

of exposure on a wide range of f law s izes and f law size distr ibut ions ,

spec imens should be tested wi th  known f law sizes such as those introduced

w ith a Knoop Indenter. Extensive microstructural analys is should be

carr ied out on the test specImens as wel l  as on materIals prepared wi th

known compositiona l and structural varIations.
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Silicon nitride ma terials development must parallel the development

of component designs. The ma terials have not reached the optimum composition

and micro -structure for the turbine application . Many long-term use

appl icat ions are dependent on having a reasonable expectation of long

service l ives and considerable mater ials analysis and development must

be done to reach this goal.

SECT~0N V

CONCL LJS ION S

Proof test ing has been inves t igated as a means of assuring reliability

and l i fe t imes of hot-pressed and reaction bonded s i l i con  n i t r i de  for

turbine eng i ne applications. It was found tha t the proof tes t truncated

the strength d is t r ibu t ion  at 25°C as predicted by theory. The proc-’f

test was not as successful in truncating the strength distribution of

specimens exposed at 1200 °C , because the f law population changed during

exposure . This change in flaw populat ion occurred because some flaws

hea led or were reduced in s ize , and other flaws were formed when the

specimens oxidized .

Reaction bonded s i l i con  n i t r ide (NC- 350) showed an increase in

strength as a result of exposure at 1 200 °C.  The oxidat ion formed a

protect ive layer wh ich hea led surface cracks . A proof test scheme could

be app lied to this material .

The two bi l lets of magnesia-doped , hot-pressed silicon nitride (NC 132)

behaved different ly. The strength d is t r ibut ion of b i l l e t  A (of ear l ier

manufacture) decreased as a result of exposure, whereas , the strength

f 
distr ibut ion of b i l le t  B increased as a result of exposure . Thus, proof

tes t ing could be used for one bi l let  but not for the other. Oxidation

pits were produced In magnesia-doped , hot-pressed mater ial and these

pits become the strength lImitIng flaws . As a result of ox idation ,
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f laws related to machining hea led and could be removed eventually as

the surface oxidized .

The yttria-doped (NCX-34) s i l icon ni t r ide proof tests were not

completed; however the strength distribution decreased as a result of

exposure and it is unlikely that proof testing could be used for t h i s  I

bi l let .  Exam ination of the microstructure before and after exposure

showed tha t the ox i dation produced significant microstructural changes

in the nea r surface areas and these changes could be related to the

strength changes .

I

I

I
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